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Abstract
One of the main functions of the Golgi complex is to generate transport vesicles for the post-Golgi trafficking of proteins
in secretory pathways. Many different populations of vesicles are distinguished by unique sets of structural and regulatory
proteins which participate in vesicle budding and fusion. Monomeric and heterotrimeric G proteins regulate vesicle budding
and secretory traffic into and out of the Golgi complex. An inventory of G protein K subunits associated with Golgi
membranes highlights their diverse involvement and potential for coupling Golgi trafficking, through various signal
transduction pathways, to cell growth or other more specialized cell functions. Cytoskeletal proteins are now also known to
associate specifically with the Golgi complex and Golgi-derived vesicles. Amongst these, conventional and unconventional
myosins are recruited to vesicle membranes. Several roles in vesicle budding and vesicle trafficking can be proposed for these
actin-based motors. ß 1998 Elsevier Science B.V. All rights reserved.
Keywords: G protein; Membrane binding; Constitutive secretion; Transport vesicle ; Myosin II
1. Introduction
Multiple classes of transport vesicles bud o¡ Golgi
membranes for constitutive tra⁄cking of proteins
and lipids. In polarized epithelial cells proteins sorted
in the trans-Golgi network (TGN) are packaged into
di¡erent vesicles for transport to the apical or baso-
lateral membranes [1]. Vesicles used for di¡erent
steps of transport are regulated by distinct sets of
proteins for budding and fusion [2,3], are constructed
from di¡erent coat proteins [3], and regulated by
unique combinations of monomeric G proteins [4].
An inventory of proteins involved in vesicular traf-
¢cking is rapidly being compiled; however, the full
extent of diversity in this system, in terms of regula-
tory proteins, structural proteins and types of
vesicles, is not yet known. The number of proteins
involved is large ^ and getting larger ^ and the iden-
tity of some of these proteins is somewhat unex-
pected. Signal transduction pathways and cytoskele-
tal networks with dedicated and well-known
functions in other parts of the cell, now also appear
on the Golgi complex for quite specialized roles in
vesicular tra⁄cking. Here we will update the current
status of proteins representing two of these areas: (i)
heterotrimeric G protein subunits which are now
known to be widespread in Golgi-associated tra⁄ck-
ing and (ii) cytoskeletal myosin motors associated
with the Golgi, exempli¢ed by the p200/myosin II
protein on TGN-derived vesicles.
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2. Heterotrimeric G proteins in tra⁄cking pathways
Heterotrimeric G proteins are signal transducers
that relay external stimuli through activated recep-
tors to intracellular e¡ectors, including phospholip-
ases, adenylyl cyclase and multiple protein kinases
[5,6]. In some cells heterotrimeric G proteins are also
known to regulate ion channels at the plasma mem-
brane [7]. G protein K and LQ subunits are distributed
throughout cells on intracellular membranes where
many of them are now known to participate in di-
verse vesicle tra⁄cking pathways [8,9]. GK subunits
have been implicated in the regulation of events such
as regulated exocytosis or secretion [10], formation of
constitutive secretory vesicles and immature granules
at the TGN [11], transport out of the ER [12,13],
endosome fusion [14], as well as constitutive secre-
tory intra-Golgi and post-Golgi tra⁄cking [15].
There are many families of G protein K subunits
and multiple combinations of LQ subunit isoforms,
all of which are independently capable of transducing
signals to a wide variety of e¡ectors [6]. Cataloguing
these subunits on di¡erent membrane domains in
cells from a variety of tissues has revealed the diverse
way in which cells utilize a given subunit. One sub-
unit may be deployed to di¡erent organelles in di¡er-
ent cells [16,17], or may be used at two or three
di¡erent sites within a given cell [18]. GKiÿ3 has
been demonstrated to couple to multiple e¡ectors
at the cell surface [19], thereby providing evidence
that a single subunit can subserve multiple functions
within a given cell. This implies that the almost ubiq-
uitous presence of GKiÿ3 on Golgi membranes
[20,21] (Fig. 1) allows it the potential to function in
tra⁄cking, as well as signaling from receptors at the
cell surface.
The strategic location of particular GK or LQ sub-
units on speci¢c membrane domains currently serves
as the prima facie evidence for their potential roles in
many tra⁄cking pathways. The distribution of di¡er-
ent G protein subunits on membranes in Golgi-asso-
ciated tra⁄cking pathways has been revealed by
staining and other immunodetection methods em-
ploying subunit-speci¢c antibodies [22]. A functional
role for some G protein subunits in speci¢c Golgi
tra⁄cking events has also been demonstrated
[15,23^25]. Studies in the literature linking heterotri-
meric G protein subunits to events on Golgi mem-
branes or on Golgi-derived vesicles are summarized
in Table 1. From this body of work it can be seen
that multiple G proteins are implicated in Golgi
function and that, even within the Golgi complex,
speci¢c GK subunits appear to be allocated to di¡er-
ent tra⁄cking steps. The key question to be an-
swered at present is how each of these G protein
subunits relates, topographically and functionally,
to receptors or e¡ectors at these locations. The issue
of precise membrane location and membrane mobil-
ity for G proteins on Golgi membranes is a critical
one, given the constant sorting of resident and tran-
sitory proteins occurring throughout the Golgi mem-
branes.
At the level of the plasma membrane it has been
proposed that GK subunits and related signaling
molecules may be clustered in specialized membrane
sub-domains, caveolae. Caveolae are cholesterol-rich
membrane invaginations identi¢ed as potential sig-
naling centers due to their high concentrations of
membrane receptors, G proteins and e¡ectors (re-
viewed in [40]). G protein subunits were found in
caveolae-enriched membrane fractions and further
evidence actually showed that caveolin, the major
membrane protein constituent of caveolae, binds di-
rectly to GTP-bound forms of speci¢c GK subunits
[41,42]. More recent studies, employing other tech-
niques for fractionating or localizing caveolar pro-
teins, now suggest that caveolae may not serve as
reservoirs of G protein subunits in all cells and other
domains of the plasma membrane might be involved
in clustering these signaling proteins with e¡ectors
such as adenylyl cyclase [43,44]. Although caveolin
is also found on the TGN, Denker et al. [18] failed to
see any co-localization of GKs subunit and caveolin
on the TGN by immunogold labeling. Mechanisms
apparently do exist for speci¢cally targeting GK-i
subunits to Golgi membranes or to the plasma mem-
brane, as shown by the distributions of chimeric sub-
units [17] or alternatively spliced variants [36]. G
protein targeting could occur via interaction with
di¡erent e¡ectors or receptors or through other an-
choring proteins and on Golgi membranes such mol-
ecules could also be envisioned as part of vesicular
budding or fusion cascades.
At the level of the Golgi stack or TGN, GK sub-
units appear to participate primarily in budding
events. The budding and release of constitutive secre-
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tory vesicles [15,33,34] is regulated by GKi and GKs
subunits. Activation or overexpression of GKiÿ3 re-
tards constitutive tra⁄c through the Golgi stack and
the ¢nal stage of post-TGN secretion [15,45]. Polar-
ized delivery to apical or basolateral membranes in
epithelial cells is regulated separately by GKs and
GKi subunits respectively [34] and transcytosis in epi-
thelial cells also involve GK and LQ regulation
[46,47]. In cells treated with GTPQS or aluminium
£uoride, the Golgi gives rise to, and accumulates,
clusters of coated transport vesicles which are ar-
rested in their newly budded state [48,49]. The results
of most studies using non-hydrolyzable nucleotides
suggest that continuous cycling of GK subunits be-
tween GTP- and GDP-bound states is necessary to
e¡ect the full sequence of events required for vesicle
budding, transport and fusion in any given pathway.
Autophagic sequestration, a constitutive pathway
identi¢ed in HT-29 epithelial cells for redirecting
membranes out of the ER for pre-Golgi degradation
in autophagosomes, is also regulated by GKiÿ3 [50].
The sequestration pathway is switched on by GDP-
GKiÿ3 and switched o¡ by the GTP-GKiÿ3 [25]. This
pathway also illustrates the potential function of a
new group of G protein regulators, RGS proteins, in
tra⁄cking. Members of the RGS (regulators of G
protein signaling) protein family bind to speci¢c
GK subunits, usually in their transitional activation
state, and in many cases act as GTPases to down-
regulate GK signaling [51^53]. Overexpression of
GAIP, a GKiÿ3 binding RGS protein [53], stimulates
autophagic sequestration in a manner consistent with
its function as a GAP and expression of GAIP itself
was modulated by GKiÿ3 and through di¡erentiation
[54]. GAIP also interacts with, and regulates the ac-
tivity of, GKiÿ3 in constitutive secretory tra⁄cking
Table 1
Distribution of G subunits on Golgi and Golgi-derived membranes
Location Subunit Method Study
Regulated secretory granules
Platelet dense core granules GKq=11; GKz; GKiÿ1ÿ3; GKs; GK16 3 [26]
Pancreatic zymogen granules GKq=11 3, 1 [27]
Chroma⁄n granules GKo; GL1;2; GQ2;3 1, 4, 3 [28]
Adrenal medulla, dense core granules GKo; GL1;2; GQ2;3 1, 4, 3 [28]
Prolactin cells, secretory granules GKiÿ3, GKs, GKoÿ1;2, GL 4, 3 [29]
Pituitary cells, secretory granules GKs 1, 2 [30]
Parotid acinar, secretory granules GKs 3 [31]
L-TC3 cells, insulin granules GKi, GKo, GKq 3, 2 [32]
Golgi membranes
TGN, PC12 cells GKo, GKs, GKiÿ3, GL 3, 1 [33]
TGN, MDCK, cells GKi, GKs 5 [34]
TGN, PC12 cells XLKs 3 [35]
TGN and vesicles, pancreas GKs 3, 1, 2 [18]
cis-Golgi, pituitary cells, GH3 GKiÿ3 1, 2 [30]
Golgi complex, COS-7 cells GKiÿ2 (splice form) 1 [36]
Golgi complex, adrenal medulla GKs; GKiÿ2 3, 4 [37]
Golgi complex, rat liver GKs, GKiÿ2 3, 4 [37]
Golgi complex, mast cells GKiÿ3 1, 5 [38]
Golgi complex, rat pituitary, AtT-20 GKq; GKiÿ3 1, 2 [30]
Golgi complex, NRK cells GKiÿ3 1 [15]
Golgi cis-trans, LLC-PK1 cells GKiÿ3 1, 2 [20,15]
Golgi cis-trans and vesicles, pancreas GKiÿ3 1, 3, 2 [18]
Golgi fraction, rat liver GKiÿ3 3 [39]
Golgi fraction, exocrine pancreas GKs, GKiÿ3, GKq=11 1, 3, 2 [18]
Golgi-derived vesicles, C6 glioma GKoÿ1 1, 2 [24]
1, immuno£uorescence; 2, immunoelectron microscopy; 3, cell fractionation, detection: Western blotting; 4, cell fractionation, detec-
tion: immunoelectron microscopy; 5, functional assays.
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through the Golgi complex (Wylie and Stow, manu-
script submitted). The many di¡erent members of the
RGS family provide potential speci¢c regulators for
individual G protein K subunits. A ready prediction
is thus that the many GK subunits already identi¢ed
on Golgi-associated membranes (Table 1) might
work in conjunction with RGS proteins dispersed
throughout vesicular tra⁄cking pathways.
Regulated secretory pathways are coupled to cell
surface receptors through heterotrimeric G proteins
and probably at more than one step, to achieve stim-
ulus-coupled secretion [10]. G protein subunits at the
plasma membrane, coupled to receptors, relay initial
and perhaps distal signals for secretion. Now it is
known that there are also GK subunits on a variety
of secretory granules themselves (see Table 1). Regu-
lated secretory pathways, it seems, rely heavily on G
protein regulation at many levels, from the formation
of immature granules at the level of the TGN [11,33],
to later events which may include membrane fusion
[55,56]. In mast cells, GKiÿ3 is found on Golgi mem-
branes and at the cell surface, but it is the latter form
which has been shown to regulate histamine secretion
[38]. Similarly, a pertussis toxin sensitive GK subunit
at a distal step in second messenger pathways regu-
lates somatostatin receptor-mediated ACTH secre-
tion in AtT20 cells [57]. Overexpression of constitu-
tively active mutants of pertussis toxin sensitive GKi
and GKo subunits inhibits regulated insulin secre-
tion; these subunits were found to act in a calcium-
regulated step after ATP-vesicle priming in the latter
stages of secretion [23]. GKq=11 on zymogen granules
has been shown to play an inhibitory role in the
calcium-regulated amylase secretion from pancreatic
acini [27]. Similarly, the e¡ects of mastoparan on
GKo, and those of C-terminal speci¢c antibodies
against GKo imply a role for GKo in the regulation
at an ATP-priming step of the calcium-evoked cat-
echolamine secretion from chroma⁄n cells, whilst
GKiÿ3 regulates calcium-dependent fusion at the
plasma membrane [55,58]. GAP-43, a neuronal cyto-
solic protein, activates GKo by stimulating nucleotide
binding and exchange activity, resulting in inhibition
of catecholamine secretion from permeabilized chro-
ma⁄n cells [56,59]. On the other hand, using syn-
thetic peptides of GAP-43 corresponding to the re-
gion that interacts with Go, it has been shown that
GKoÿ1 on small intracellular vesicles in C6 glioma
cells increases protease nexin-1 secretion [24]. Thus
the same G protein has a di¡erent regulatory role in
two distinct secretory pathways events in di¡erent
tissues. It is noteworthy too that the studies on G
protein-regulated tra⁄cking illustrate examples of G
protein cycling (i.e. GDP-GTP exchange) via recep-
tors and of independent G protein signaling, un-
coupled from classical receptor-e¡ector interactions.
Such classical and non-classical means for G proteins
signal transduction in tra⁄cking have been reviewed
and carefully considered elsewhere [9].
3. Vesicles budding o¡ the trans-Golgi network ^
currently an incomplete inventory
It is currently not clear exactly how many popula-
tions of vesicles bud o¡ the TGN for transport to
di¡erent membranes. The doubtless incomplete in-
ventory of constitutive carriers at this stage includes
vesicles labeled for distinct vesicle-associated proteins
such as clathrin coated vesicles (AP-1) and AP-3
vesicles, coatomer vesicles, p230 vesicles and p200
vesicles (described below) or vesicles labeled for dis-
tinct cargo proteins such as the viral HA or VSVG
proteins. Some of these vesicle-associated proteins
are regulated by heterotrimeric G proteins; the
p200 protein for instance is believed to be down-
stream from G proteins in a vesicle-budding cascade.
p200 is a Golgi-associated protein, recognized by the
AD7 monoclonal antibody, it is a ubiquitous and
abundant phosphoprotein in the cytosol and associ-
ates dynamically with TGN membranes [49,60]. Re-
cently it has been established by immunological
cross-reactivity and by sequence data, that p200 on
TGN membranes is the heavy chain of non-muscle
myosin IIA [61,62]. In recognition of these ¢ndings
p200 is now being referred to as p200/myosin II. The
same p200/myosin II protein is also found on chlo-
ride channel-enriched vesicles isolated from bovine
tracheal cells [63].
p200/myosin II was originally thought of in the
context of a vesicle coat protein due to similarities
in behavior between it and proteins such as L-COP
and Q-adaptin. Binding of each of these proteins to
Golgi membranes was found to be disrupted by bre-
feldin A (BFA) and regulated by G proteins
[39,62,64^67]. While the BFA-sensitive binding of
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L-COP and the AP-1 complex [66,68,69] has been
linked directly to the action of ARF, the speci¢c
role of ARF in p200/myosin II binding has not
been clari¢ed. The binding of many of the vesicle-
associated proteins appears to be di¡erentially regu-
lated by monomeric and heterotrimeric G proteins.
The labeling of p200/myosin II on newly budded
vesicles is stabilized by GTPQS or aluminium £uoride
but it does not persist on budded vesicles in cells at
steady state nor in the presence of GTP [39,49]. This
G protein regulated membrane binding of p200/my-
osin II, but not that of L-COP, is sensitive to pertus-
sis toxin, implicating GKiÿ3 speci¢cally in the bud-
ding of a separate population of p200/myosin II
vesicles [39]. The lack of co-localization with L-
COP [49,67], Q-adaptin (Fig. 2) and clathrin [49,67]
in immunogold labeling experiments con¢rms that
p200/myosin II does not bind to coatomer or clath-
rin-coated vesicles. p230 is another BFA-sensitive,
vesicle-associated peripheral membrane protein [70].
By immunogold labeling, p230 and p200 also label
distinct sets of non-clathrin coated, TGN-derived
vesicles [71]. There is a ¢ne, electron-dense coat on
p200/myosin II-labeled vesicles (Fig. 2) but its mo-
lecular structure is unknown and there is currently
no evidence to con¢rm that p200/myosin II itself
forms part of this coat structure. A distinctive, so-
called lace-like coat has been identi¢ed by high volt-
age electron microscopy on TGN and TGN-derived
vesicles [72] but its relationship to either p200/myosin
II vesicles or p230 vesicles has not yet been investi-
gated. The destination and cargo of p200/myosin II
labeled vesicles are also points of intense interest and
current investigation. By immunogold labeling, two
recent studies show con£icting data about whether
p200/myosin II is on vesicles co-labeled for VSV G
protein and whether it is required for the in vitro
budding of these vesicles [62,67]. At present, it ap-
pears that p200/myosin II may be on a subset of
basolaterally destined constitutive secretory vesicles
in epithelial cells. p200/myosin II is also found on
TGN-derived vesicles in many non-polarized cells,
which may also have their own equivalents of apical
and basolateral pathways [73]. Future characteriza-
tion of the p200/myosin II vesicle population is of
particular interest, as is the question about why this,
and perhaps not other, vesicles need a myosin-actin
connection. The interesting scenario posed by this
growing literature is that vesicles bearing a variety
of di¡erent coats, or peripherally associated mem-
brane proteins, bud o¡ Golgi or TGN membranes.
While the coat structures, such as clathrin or coat-
Fig. 1. Immuno£uorescence labeling of GKiÿ3 on LTA mouse ¢broblasts. Cells ¢xed with methanol/acetic acid were labeled with an
antibody (EC) against a C-terminal peptide of GKiÿ3 and a Cy3-anti rabbit conjugate. GKiÿ3 is found in perinuclear regions on the
Golgi complex.
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omer, may play a role in membrane vesicle encapsu-
lation or membrane-rounding, the roles of other pro-
teins, such as p200/myosin II are not yet known.
4. Myosin II and other cytoskeletal proteins on the
Golgi
Myosin II is an actin-activated motor which typi-
cally functions in contractility, cell motility and cy-
tokinesis and is characterized by its ability to form
bipolar ¢laments. There are two non-muscle myosin
II genes which encode for heavy chains IIA and IIB
[74,75]. Myosins IIA and B are widely expressed in
non-muscle cells but have distinct intracellular distri-
butions and functions [76] [77,78]. Vesicle budding or
tra⁄cking is a novel and largely unexplored arena
for myosin II function in mammalian cells. Recent
data from Musch et al. [62] suggest that membrane-
bound p200/myosin II interacts with actin to pro-
Fig. 2. Immunogold labeling of TGN-derived vesicles. A: Epon sections of perforated MDCK cells. A subset of the vesicles in a clus-
ter situated between two Golgi stacks (G) are labeled for p200/myosin II. B-C: Cryosections of vesicles budded o¡ isolated rat liver
Golgi membrane stacks. B: Double-labeling for TGN-38 (5 nm gold) and p200/myosin II (10 nm gold). Tubules or cisternae of the
TGN (T) are labeled for the TGN marker, TGN 38 (5 nm gold). Newly-budded vesicles are labeled for p200/myosin II alone, or oc-
casional membranes were labeled for both p200/myosin II and TGN-38 (arrow). C: Double-labeling for p200/myosin II (10 nm gold)
and Q-adaptin (5 nm gold). p200/myoxin II (arrowhead) and Q-adaptin (arrow) consistently label separate vesicle populations, the latter
having electron-dense clathrin coats.
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mote vesicle budding and that vesicle budding in an
in vitro assay can be inhibited by addition of the S1
fragment of myosin or by caldesmon peptides or
BDM as inhibitors. While these are indications that
the actin-binding head regions of p200/myosin II are
functional in vesicle budding, there is no information
on a role for the ¢lament forming myosin II tails in
the budding process. In all, the precise role played by
p200/myosin II in vesicle budding is still not known.
One possibility is that it may act as a motor to eject
vesicles o¡ the Golgi, however several features of this
particular myosin make it unlikely that p200/myosin
II acts as a motor for vesicle transport along actin
¢laments, in the manner of unconventional myosins.
The unconventional myosin I and myosin V fam-
ilies participate in vesicle tra⁄cking in a wide range
of eucaryotic cells. Important functional information
on unconventional myosins has come from studies
on yeast mutants. MYO2p, a member of the myosin
V family, mediates secretory transport to the yeast
bud and knockout of the MYO2 gene accumulates
vesicles along this path, blocking transport [79,80].
The single-headed myosin I motors have a membrane
binding tail and facilitate membrane movement
along actin ¢laments [81]. Myosin I motors function
in endocytic pathways [82,83] [84] and brush border
myosin I on Golgi-derived vesicles provides vesicle
movement along actin ¢laments reaching to the pe-
riphery of polarized epithelial cells [85,86]. The ¢nd-
ing of p200/myosin II on budding vesicles now pro-
vides another potential link between vesicles and the
cytoskeleton and raises the issue of how various ele-
ments of the cytoskeleton might associate with Golgi
membranes. Several studies have shown that there is
a spectrin cytoskeleton assembled on the Golgi mem-
branes, moreover most of the proteins in this net-
work are Golgi speci¢c isoforms (reviewed elsewhere
in this issue). A Golgi speci¢c L-spectrin (LI4*) [87]
and two novel ankyrins, a 119 kDa ankyrin [88] and
a 195 kDa ankyrin [89], have been localized speci¢-
cally on Golgi membranes. Centractin, part of the
dynactin complex which potentially has actin and
microtubule-binding components, is also associated
with the spectrin network on Golgi membranes
[90]. Dynein and the p150/Glued protein of dynactin
are found on the same Golgi-derived vesicles as my-
osin I [86] and cytosolic dynein binds to the Golgi
membrane cytoskeleton [91]. Plasma membrane asso-
ciated cytoskeletons have been proposed to function
in de¢ning the lateral mobility of membrane proteins
and in attachment and signaling through the cyto-
plasmic tails of membrane proteins [92]. Similar roles
could subserve Golgi processes such as sorting pro-
teins in transit into vesicles, or maintaining resident
Golgi proteins in position. It will now be important
to determine whether, and how, p200/myosin II is
attached to actin ¢laments and/or to the spectrin
membrane skeletons at the level of the TGN.
5. Conclusions and future directions
Work in the ¢eld of G proteins over recent years
has resulted in a register of heterotrimeric G protein
subunits on membrane domains throughout cells and
in many potential new functional roles for GK sub-
units in vesicle tra⁄cking. Future studies still need to
further de¢ne the receptors and e¡ectors and acces-
sory proteins responsible for GK signaling on Golgi
membranes. The potential exists for GK subunits to
contribute in novel and innovative ways to the reg-
ulation of vesicle budding and tra⁄cking. The vari-
ous roles of microtubules in Golgi functioning and
tra⁄cking have been well documented [93]. After
languishing in the background of the tra⁄cking ¢eld,
the actin cytoskeleton is being newly implicated in
vesicle tra⁄cking. Through several di¡erent ap-
proaches, actin-based motors have been implicated
in endocytic, secretory and recycling pathways. The
actin and spectrin cytoskeletons may prove to play
important roles in vesicle budding and/or in mainte-
nance of the Golgi substructure. Elucidation of the
role of p200/myosin II in vesicle budding will provide
important clues as to the overall nature of how actin
contributes to Golgi function. There are currently
over 16 families of myosins [94], at least three have
now been implicated in tra⁄cking and examples of
others may well be revealed.
A unifying hypothesis, incorporating roles for
both heterotrimeric G proteins and myosins on Golgi
membranes may be in the not too distant future of
Golgi research. Current evidence suggests that GKiÿ3
regulation is upstream from p200/myosin II binding
or of vesicle budding [39]. Several studies on regu-
lated secretory pathways have also proposed a link
between heterotrimeric G proteins and the actin cy-
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toskeleton. Regulated exocytosis in chroma⁄n cells
involves not only the e¡ect of granule-associated
GKo but also, at a later stage the, monomeric G
protein Rho [95]. The activation of heterotrimeric
G proteins in permeabilized, calcium-activated chro-
ma⁄n cells with mastoparan prevents the disruption
of the actin network while C-terminal GKo peptides
induce the disassembly of the cortical actin cyto-
skeleton [95]. Such data suggest a direct, negative
regulatory control of granule-associated GKo on the
organization of the actin cytoskeleton and on regu-
lating secretion [95]. The GK12 and GK13 subunits
directly regulate Rho-dependent stress ¢ber forma-
tion and focal adhesion assembly in Swiss 3T3 cells
[96]. In mast cells too, actions of both heterotrimeric
G protein subunits and Rac and Rho G proteins
participate in F-actin assembly and disassembly for
secretion [97]. Finally, another piece of the Golgi
puzzle may have dropped into place with the ¢nding
that the monomeric G protein, Rab6, on Golgi mem-
branes interacts with a kinesin-like molecule [98]. In
the light of new evidence that spectrin, and perhaps
actin, cytoskeletons are assembled on Golgi mem-
branes, one role which could be envisioned for
GKiÿ3 is to regulate disassembly of these networks
during vesicle budding. Regulating the membrane
binding of vesicle-associated myosins may also be
part of such a cascade. Multiple G proteins and cy-
toskeletal proteins are involved in Golgi function ^
indeed all of the signaling and structural players in
the cell appear to be marshalled to maintain the dy-
namic structure and regulate the vesicular tra⁄c of
this remarkable organelle.
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